(19) 




Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



(12) 



(43) Date of publication: 

07.12.2005 Bulletin 2005/49 

(21) Application number: 05011498.2 

(22) Date of filing: 27.05.2005 



(ID EP 1 602 561 A1 

EUROPEAN PATENT APPLICATION 

(51) Intci7: B 62 D 15/02 



(84) Designated Contracting States: 


• Niwa, Satoru 


AT BE BG CH CY CZ DE DK EE ES Fl FR GB GR 


Toyota-shi, Aichi 471-8571 (JP) 


HU IE IS IT LI LT LU MC NL PL PT RO SE SI SK TR 


• Iwazaki, Katsuhiko 


Designated Extension States: 


Toyota-shi, Aichi 471-8571 (JP) 


ALBAHRLVMKYU 


• Kataoka, Hiroakl 




Toyota-shi, Aichi 471-8571 (JP) 


(30) Priority: 01.06.2004 JP 2004163420 


• Rattapon, Chumsamutr 


Toyota-shi, Aichi 471-8571 (JP) 


(71) Applicant: Toyota Jidosha Kabushiki Kaisha 




Toyota-shi, Aichi 471-8571 (JP) 


(74) Representative: 




Winter, Brandl, Furniss, Hiibner Ross, Kaiser, 


(72) Inventors: 


Polte Partnerschaft Patent- und 


• Kawakami, Seiji 


Rechtsanwaltskanzlei 


Toyota-shi, Aichi 471-8571 (JP) 


Bavariaring 10 




80336 Munchen (DE) 



(54) Driving control apparatus 

(57) A driving control apparatus of the present in- 
vention has a driving road keeping device for providing 
a torque to a steering mechanism so as to keep a vehicle 
traveling at a predetermined position on a driving road, 
a setting device for setting a need or no need for exe- 
cution of a control of the driving road keeping device, 
and a cruise control device forcontroiling a driving force 
or speed of the vehicle so as to keep the vehicle in a 
predetermined driving state. A need or no need for ex- 
ecution of the control of the driving road keeping device 
is determined based on a setting state of the setting de- 



vice and a control state of the cruise control device. A 
display indicating that the control of the driving road 
keeping device is ready is presented when the control 
of the driving road keeping device is in an executable 
state upon a state change of either the setting state of 
the setting device or the control state of the cruise con- 
trol device. Therefore, with the display indicating the 
ready state, a driver can initiate the control of the driving 
road keeping device by changing the setting state of the 
setting device or the control state of the cruise control 
device in accordance with the content of the display. 
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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention 

[0001] The present invention relates to a driving con- 
trol apparatus (method) having a lane keeping function. 

Related Background of the Invention 

[0002] A variety of driving control (support) apparatus 
(method) have been developed heretofore in order to 
support driver's driving. An example of the driving con- 
trol apparatus Is one having the lane keeping function 
of providing such an additional steering force as to keep 
a vehicle traveling near a center of a lane in order to 
support a driver's steering operation (Japanese Patent 
Application Laid-Open No. 7-1 04850). Another example 
of the driving control apparatus is one having a lane de- 
parture warning function of encouraging the driver to 
perform a steering operation to avoid a departure by an 
issue of a buzzer sound and/or a display of a warning 
with possibilities of a departure of the vehicle from a 
lane. In addition, still another example of the driving con- 
trol apparatus is one having a cruise control function of 
providing such an additional braking force or driving 
force as to keep a vehicle speed set by the driver or as 
to track a preceding vehicle, in orderto support a driver's 
brake operation or acceleration operation. 

SUMMARY OF THE INVENTION 

[0003] The lane keeping function and the lane depar- 
ture warning function are functions to keep the vehicle 
unlikely to depart from a lane, and are sometimes con- 
structed in the form of a single lane keeping device. This 
lane keeping device is sometimes configured to be 
switched on or off by a switch and to automatically 
switch between the lane keeping function and the lane 
departure warning function on the vehicle side with the 
switch being on. Furthermore, there are vehicles provid- 
ed with the lane keeping device and the cruise control 
device. There are some cases where the lane keeping 
device in this structure is configured to automatically 
switch between the lane keeping function and the lane 
departure warning function in conjunction with working 
situations of the cruise control device. In such cases, 
the driver is unable to recognize how the two functions 
are switched or whether it is possible to switch the pres- 
ently active function to the other function presently in- 
active. Particularly, there are cases where the driver de- 
sires to activate the lane keeping function in order to 
alleviate the steering operation, but the driver is unable 
to recognize whether the lane keeping function is in a 
state in which it can be activated. An object of the 
present invention is therefore to provide a driving control 
apparatus having at least the lane keeping function, 



which enables easy recognition of the present status of 
the function, whether the lane keeping function is in a 
ready state. 

[0004] A driving control apparatus according to the 

5 present invention is an apparatus comprising: driving 
road keeping means for providing a torque to a steering 
mechanism so as to keep a vehicle traveling at a pre- 
determined position on a driving road; setting means for 
setting a need or no need for execution of a control of 

10 the driving road keeping means; and cruise control 
means for controlling a driving force or speed of the ve- 
hicle so as to keep the vehicle In a predetermined driving 
state, wherein a need or no need for execution of the 
control of the driving road keeping means is determined 

is based on a setting state of the setting means and a con- 
trol state of the cruise control means. In addition, when 
the control of the driving road keeping means is in an 
executable state upon a state change of either the set- 
ting state of the setting means orthe control state of the 

20 cruise control means, a display indicating a ready state 
of the control of the driving road keeping means is pre- 
sented. 

[0005] This driving control apparatus has the driving 
road keeping means, and the setting means sets a need 

25 or no need for execution of thecontrol of the driving road 
keeping means. In addition, the vehicle with the driving 
control apparatus is also equipped with the cruise con- 
trol means for controlling the driving force or speed of 
the vehicle so as to keep the vehicle in the predeter- 

30 mined driving state (e.g., driving at a vehicle speed set 
by the driver, or driving to track a preceding vehicle). In 
this driving control apparatus, a need or no need for ex- 
ecution of the control of the driving road keeping means 
is determined based on the setting state of the setting 

35 means and the control state of the cruise control means. 
For this reason, whether the control of the driving road 
keeping means can be initiated is determined by the set- 
ting state of the setting means and the control state of 
the cruise control means. 

40 [0006] Then the driving control apparatus presents 
the display indicating that the control of the driving road 
keeping means is ready to start, when the control of the 
driving road keeping means is in the ready state upon 
a change of the setting state of the setting means or the 

45 control state of the cruise control means. Therefore, with 
the display indicating the ready state, the driver Is able 
to initiate the control of the driving road keeping means 
by changing the setting state of the setting means orthe 
control state of the cruise control means in accordance 

so with the content of the display. In this manner, the driving 
control apparatus enables easy recognition as to wheth- 
er the driving road keeping means is in the ready state. 
[0007] The driving road is, for example, a lane on 
which the vehicle is now traveling, or, in the case without 

55 a lane, the road itself on which the vehicle is now 
traveling. The predetermined position on the driving 
road is, for example, a position near a center axis of the 
driving road (lane). The state of the cruise control means 
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is, for example, an on/off state of a switch for determin- 
ing whether the cruise control means is to be activated, 
a state of a RESUME switch for determining whether 
the cruise control means is to be resumed, or a setting 
state of a target speed. 

[0008] Preferably, the executable state of the control 
of the driving road keeping means upon the state 
change of either the setting state of the setting means 
orthe control state of the cruise control means is a state 
in which the setting means selects a need for execution 
of the control of the driving road keeping means and in 
which a setting switch for setting a need or no need for 
activation of the cruise control means is off (the control 
of the cruise control means is inactive), and state in 
which the driving road keeping means is In the execut- 
able state with execution of the control of the cruise con- 
trol means. 

[0009] The cruise control means is provided with the 
setting switch for setting a need or no need for activa- 
tion, and is activated with the setting switch being on. In 
the driving control apparatus, the control of the driving 
road keeping means can be initiated in the state in which 
the setting means selects a need for execution of the 
control of the driving road keeping means and in which 
the setting switch of the cruise control means is off, and 
state in which the driving road keeping means is in the 
executable state with execution of the control of the 
cruise control means, and the display indicating the 
ready state is presented. The driver turns the setting 
switch of the cruise control means on (to initiate the con- 
trol of the cruise control means) in accordance with the 
content of the display, whereupon the driving control ap- 
paratus initiates the control of the driving road keeping 
means. The executable state of the driving road keeping 
means with execution of the control of the cruise control 
means is, for example, a state in which a target speed 
of the cruise control satisfies a vehicle speed condition 
of the driving road keeping means, or a state in which 
an actual vehicle speed satisfies the vehicle speed con- 
dition of the driving road keeping means. 
[0010] Preferably, the executable state of the control 
of the driving road keeping means upon the state 
change of either the setting state of the setting means 
orthe control state of the cruise control means is a state 
in which the setting means sets no need for execution 
of the control of the driving road keeping means and in 
which the cruise control means is active, and state in 
which the driving road keeping means is executable. 
[0011] The control of the driving road keeping means 
can be initiated in the state in which the setting means 
sets no need for execution of the control of the driving 
road keeping means and in which the cruise control 
means is active, and state in which the driving road 
keeping means is in the executable state, and the dis- 
play indicating the ready state is presented. The driver 
selects execution of the control of the driving road keep- 
ing means through the setting means in accordance with 
the content of the display, whereupon the driving control 



apparatus initiates the control of the driving road keep- 
ing means. 

[0012] The control of the driving road keeping means 
can be one to be executed within an activation speed 

5 region thereof, and the executable state of the control 
of the driving road keeping means upon the state 
change of either the setting state of the setting means 
or the control state of the cruise control means can be 
a state in which the setting means sets a need for exe- 

10 cution of the control of the driving road keeping means 
and in which a setting switch for setting a need or no 
need foractivation of the cruise control means is on, and 
state in which a target speed of the cruise control means 
is off the activation speed region of the driving road 

is keeping means. 

[001 3] The cruise control means is provided with the 
setting switch for setting a need or no need for activa- 
tion, and is activated with the setting switch being on. In 
the driving control apparatus, the control of the driving 

so road keeping means is executed when the setting 
means selects a need for execution of the control of the 
driving road keeping means and when the vehicle speed 
is within the activation speed region with the setting 
switch of the cruise control means being on. For this rea- 

25 son, the driving control apparatus can initiate the control 
of the driving road keeping means when the setting 
means selects a need for execution of the control of the 
driving road keeping means, when the setting switch of 
the cruise control means is on (the control of the cruise 

30 control means is active), and when the target vehicle 
speed is off the activation speed region of the driving 
road keeping means, and the apparatus displays the 
ready state. The driver changes the target vehicle speed 
of the cruise control means into the activation speed re- 

35 gion of the driving road keeping means in accordance 
with the content of the display, whereupon the driving 
control apparatus initiates the control of the driving road 
keeping means. Since the cruise control means controls 
the driving force or vehicle speed toward the target ve- 

40 hide speed, the actual vehicle speed converges toward 
the target vehicle speed in the vehicle equipped with the 
cruise control means. 

[0014] A driving control method according to the 
present invention is performing driving road keeping 

45 control for providing a torque to a steering mechanism 
so as to keep a vehicle traveling at a predetermined po- 
sition on a driving road and cruise control for controlling 
a driving force or speed of the vehicle so as to keep the 
vehicle in a predetermined driving state, wherein a need 

so or no need for execution set by setting means for setting 
a need or no need for execution of a control of the driving 
road keeping control is determined based on a setting 
state of the setting means and a control state of the 
cruise control means. In addition, when the driving road 

55 keeping control is in an executable state upon a state 
change of either the setting state of the setting means 
orthe control state of the cruise control, a display indi- 
cating a ready state of the driving road keeping control 
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is presented. 

[0015] This driving control method performs the driv- 
ing road keeping control, and the setting means sets a 
need or no need for execution of the driving road keep- 
ing control. In addition, the driving control method also 5 
performs the cruise control for controlling the driving 
force or speed of the vehicle so as to keep the vehicle 
in the predetermined driving state (e.g., driving at a ve- 
hicle speed set by the driver, or driving to track a pre- 
ceding vehicle). And a need or no need for execution of 
the driving road keeping control is determined based on 
the setting state of the setting means and the control 
state of the cruise control. For this reason, whether the 
driving road keeping control can be initiated Is deter- 
mined by the setting state of the setting means and the 
control state of the cruise control. 
[0016] Then the driving control method presents the 
display indicating that the driving road keeping control 
is ready to start, when the driving road keeping control 
is in the ready state upon a change of the setting state 
of the setting means or the control state of the cruise 
control. Therefore, with the display indicating the ready 
state, the driver is able to initiate the driving road keep- 
ing control by changing the setting state of the setting 
means or the control state of the cruise control in ac- 
cordance with the content of the display. In this manner, 
the driving control method enables easy recognition as 
to whether the driving road keeping control is in the 
ready state. 

[0017] The driving road is, for example, a lane on 
which the vehicle is now traveling, or, in the case without 
a lane, the road itself on which the vehicle is now 
traveling. The predetermined position on the driving 
road is, for example, a position near a center axis of the 
driving road (lane). The state of the cruise control means 
is, for example, an on/off state of a switch for determin- 
ing whether the cruise control means is to be activated, 
a state of a RESUME switch for determining whether 
the cruise control means is to be resumed, or a setting 
state of a target speed. 

[0018] Preferably, the executable state of the driving 
road keeping control upon the state change of eitherthe 
setting state of the setting means or the control state of 
the cruise control is a state in which the setting means 
selects a need for execution of the driving road keeping 
control and in which a setting switch for setting a need 
or no need for activation of the cruise control is off (the 
cruise control is inactive), and state in which the driving 
road keeping control is in the executable state with ex- 
ecution of the cruise control. 
[001 9] The cruise control is provided with the setting 
switch for setting a need or no need for activation, and 
is activated with the setting switch being on. In the driv- 
ing control method, the driving road keeping control can 
be initiated in the state in which the setting means se- 
lects a need for execution of the driving road keeping 
control and in which the setting switch of the cruise con- 
trol is off, and state in which the driving road keeping 



control is in the executable state with execution of the 
cruise control, and the display indicating the ready state 
is presented. The driver turns the setting switch of the 
cruise control on (to initiate the cruise control) in accord- 
ance with the content of the display, whereupon the driv- 
ing road keeping control is initiated. The executable 
state of the driving road keeping control with execution 
of the cruise control is, for example, a state in which a 
target speed of the cruise control satisfies a vehicle 
speed condition of the driving road keeping control, or 
a state in which an actual vehicle speed satisfies the 
vehicle speed condition of the driving road keeping con- 
trol. 

[0020] Preferably, the executable state of the driving 
road keeping control upon the state change of eitherthe 
setting state of the setting means or the control state of 
the cruise control is a state in which the setting means 
sets no need for execution of the driving road keeping 
control and in which the cruise control is active, and 
state in which the driving road keeping control is exe- 
cutable. 

[0021] The driving road keeping control can be initiat- 
ed in the state in which the setting means sets no need 
for execution of the driving road keeping control and in 
which the cruise control is active, and state in which the 
driving road keeping control is In the executable state, 
and the display indicating the ready state is presented. 
The driver selects execution of the driving road keeping 
control through the setting means in accordance with 
the content of the display, whereupon the driving road 
keeping control is initiated. 

[0022] The driving road keeping control can be one to 
be executed within an activation speed region thereof, 
and the executable state of the driving road keeping 
control upon the state change of either the setting state 
of the setting means or the control state of the cruise 
control can be a state in which the setting means sets 
a need for execution of the driving road keeping control 
and in which a setting switch for setting a need or no 
need for activation of the cruise control is on, and state 
in which a target speed of the cruise control is off the 
activation speed region of the driving road keeping con- 
trol. 

[0023] The cruise control is provided with the setting 
switch for setting a need or no need for activation, and 
is activated with the setting switch being on. The driving 
road keeping control Is executed when the setting 
means selects a need for execution of the driving road 
keeping control and when the vehicle speed is within the 
activation speed region with the setting switch of the 
cruise control being on. Forthis reason, the driving road 
keeping control can be initiated when the setting means 
selects a need for execution of the driving road keeping 
control, when the setting switch of the cruise control is 
on (the cruise control is active), and when the target ve- 
hicle speed is off the activation speed region of the driv- 
ing road keeping control, and the ready state is dis- 
played. The driver changes the target vehicle speed of 
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the cruise control into the activation speed region of the 
driving road keeping control in accordance with the con- 
tent of the display, whereupon the driving road keeping 
control is initiated. Since the cruise control controls the 
driving force or vehicle speed toward the target vehicle 
speed, the actual vehicle speed converges toward the 
target vehicle speed in the vehicle equipped with the 
cruise control. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0024] 

Fig. 1 is a configuration diagram of a lane keeping 
device according to an embodiment of the present 
invention. 

Fig. 2 is a table showing activation conditions of a 

lane departure warning function and a lane-keep 

assist function in the lane keeping device. 

Fig. 3 is a drawing to illustrate the lane departure 

warning function in the lane keeping device. 

Fig. 4 is a drawing to illustrate the lane-keep assist 

function in the lane keeping device. 

Fig. 5 is a front view of a combination meter of a 

meter unit. 

Fig. 6 shows an example of a display screen of a 
multi-display in a state in which the lane keeping 
device is inactive and in which a cruise control sys- 
tem is inactive. 

Fig. 7A shows an example of a display screen of 
the multi-display in a state in which the lane depar- 
ture warning function is active and in which the 
cruise control system is inactive. 
Fig. 7B shows an example of a display screen of 
the multi-display in a state in which the lane depar- 
ture warning function is active and in which the 
cruise control system is active. 
Fig. 8A shows an example of a display screen of 
the multi-display in a ready state of the lane-keep 
assist function (to be initiated with a lane keep 
switch being on). 

Fig. 8B shows an example of a display screen of 
the multi-display in the ready state of the lane-keep 
assist function (to be initiated when the cruise con- 
trol system is activated at or above a set vehicle 
speed V3). 

Fig. 8C shows an example of a display screen of 
the multi-display in the ready state of the lane-keep 
assist function (to be initiated when the set vehicle 
speed of the cruise control system is changed to V3 
or above). 

Fig. 9 shows an example of a display screen of the 
multi-display in an active state of the lane-keep as- 
sist function. 

Fig. 1 0 is a flowchart showing a control of displaying 
the ready state of the lane-keep assist function 
(main processing). 

Fig. 11 is a flowchart showing the control of display- 



ing the ready state of the lane-keep assist function 
(sub-processing). 

DESCRIPTION OF THE PREFERRED 
s EMBODIMENTS 

[0025] An embodiment of the driving control appara- 
tus (method) according to the present invention will be 
described below with reference to the drawings. In the 

10 present embodiment, the driving control apparatus ac- 
cording to the present invention is applied to a lane 
keeping device mounted on a vehicle equipped with a 
cruise control system. The lane keeping device accord- 
ing to the present embodiment has a lane departure 

's warning function and a lane-keep assist function, and 
either one of the two functions can be activated by a 
lane keep switch. 

[0026] A configuration of lane keeping device 1 will be 
described with reference to Figs. 1 to 9. Fig. 1 is a con- 

20 figuration diagram of the lane keeping device according 
to the present embodiment. Fig. 2 is a table showing the 
activation conditions of the lane departure warning func- 
tion and the lane-keep assist function in the lane keep- 
ing device of Fig. 1 . Fig. 3 is a drawing to illustrate the 

25 lane departure warning function in the lane keeping de- 
vice. Fig. 4 is a drawing to illustrate the lane-keep assist 
function in the lane keeping device of Fig. 1 . Fig. 5 is a 
front view of a combination meter of a meter unit shown 
in Fig. 1. Fig. 6 shows an example of a display screen 

30 of a multi-display in a state where the lane keeping de- 
vice and the cruise control system both are inactive. 
Figs. 7A and 7B show examples of display screens of 
the multi-display in an active state of the lane departure 
warning function. Figs. 8A to 8C show examples of dis- 

33 play screens of the multi-display in a ready state of the 
lane-keep assist function. Fig. 9 shows an example of 
a display screen of the multi-display in an active state 
of the lane-keep assist function. 
[0027] The lane keeping device 1 has the lane depar- 

40 ture warning function of providing various warnings with 
possibilities of a departure of a vehicle from a lane, and 
the lane-keep assist function of providing such an addi- 
tional steering force as to keep the vehicle traveling near 
the center of the lane, in order to support driver's driving. 

45 When the lane keep switch is on, the lane keeping de- 
vice 1 activates either one of the two functions, based 
on on/off of the cruise control system and the vehicle 
speed. Particularly, the lane keeping device 1 provides 
a display indicating working situations of the lane depar- 

50 ture warning function and the lane-keep assist function, 
and a ready state of the iane-keep assist function, in 
order to notify the driver that the lane-keep assist func- 
tion can be initiated by a driver's predetermined opera- 
tion. Forthat, the lane keeping device 1 is provided with 

55 a camera 2, an image ECU [Electronic Control Unit] 3, 
a vehicle speed sensor 4, a lane keep switch 5, and a 
main ECU 6, and transmits and receives various signals 
to and from a cruise control system 1 0, an electric power 
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steering 20, a warning device 30, and a meter unit 40. 
[0028] The cruise control system 1 0 controls a brake 
actuator (not shown) and a throttle actuator (not shown) 
through cruise control ECU 11 to automatically adjust 
the vehicle speed so as to keep the vehicle traveling at 
a vehicle speed set by the driver (target vehicle speed) . 
The cruise control system 10 detects the presence or 
absence of a preceding vehicle, a following distance 
from a preceding vehicle, orthe like by means of a radar 
sensor 12, and, where there exists a preceding vehicle, 
it makes cruise control ECU 11 automatically adjust the 
vehicle speed or acceleration so as to track the preced- 
ing vehicle. 

[0029] The cruise control system 1 0 is activated orde- 
activated according to a driver's on or off operation on 
cruise control switch 13, and a set vehicle speed is de- 
termined by a driver's setting operation on the cruise 
control switch 13. An activation permitting speed range 
is set for the set vehicle speed, and the cruise control 
system 10 is activated only when the set vehicle speed 
is set within this activation permitting speed range (i.e., 
when the set vehicle speed is not less than V5 and not 
more than V6). Furthermore, the cruise control system 
10 restarts the cruise control function at the set speed 
before a stop, according to a driver's RESUME opera- 
tion on the cruise control switch 13. 
[0030] The cruise control ECU 11 transmits on/off in- 
formation and target speed information of the cruise 
control system 1 0 as a cruise control signal CS to main 
ECU 6. Even if the cruise control switch 13 is on, the 
cruise control system 1 0 can be deactivated by a driver's 
braking operation, a failure, orthe like. Since the cruise 
control system 1 0 is permitted to be activated within the 
activation permitting speed range thereof, it is deactivat- 
ed when the actual vehicle speed becomes off the acti- 
vation permitting speed range during execution of the 
cruise control. 

[0031] The electric power steering 20 controls an 
electric motor 22 through steering ECU 21 to assist a 
driver's steering operation by a driving force of the elec- 
tric motor 22. The steering ECU 21 sets an assist 
amount on the basis of a steering wheel torque given by 
a driver's steering operation, and controls driving of the 
electric motor 22 according to the assist amount. Par- 
ticularly, when receiving a steering torque signal TS 
from main ECU 6, the steering ECU 21 sets the assist 
amount by adding a steering torque (steering force in- 
dicated by the steering torque signal TS) to be provided 
through the control by the lane keeping device 1 , to the 
steering wheel torque by the driver's steering operation. 
[0032] The warning device 30 issues a buzzer sound 
as a warning to the driver. When receiving a buzzer sig- 
nal BS from main ECU 6, the warning device 30 emits 
a buzzer sound according to the buzzer signal BS. The 
meter unit 40 has a combination meter 41 , and the com- 
bination meter 41 is provided with a multi-display 42, in 
addition to various meters and warning indications (cf. 
Fig. 5). The multi-display 42 displays working situations 



of the lane keeping device 1 and the cruise control sys- 
tem 10. When receiving a display signal DS from main 
ECU 6, the meter unit 40 displays the working situation 
of the lane keeping device 1 on the multi-display 42 in 

5 accordancewith the display signal DS, and indicatesthe 
status of the lane keeping device 1 by indicator lamp 43 
(off: inactive, on: active, blink: failure). When receiving 
a display signal from the cruise control ECU 1 1 , the me- 
ter unit 40 displays the working situation of the cruise 

io control system 1 0 on the multi-display 42 in accordance 
with the display signal. 

[0033] The contents of the display on the multi-display 
42 will be described with reference to Figs. 6 to 9. As 
shown in Fig. 6, a state without any display on the muiti- 

is display 42 indicates that the lane keeping device 1 and 
the cruise control system 1 0 both are Inactive (including 
a deactivated state due to a failure). As shown in Fig. 
7A and others, a state with a display of two white lines 
having an upward converging spacing in the central part 

so of the multi-display 42 indicates that the lane keeping 
device 1 is active. As shown in Fig. 9, a state with a 
display of two white lines and with a display of a steering 
wheel mark beside these two white lines in the central 
part of the multi-display 42 indicates that the lane-keep 

25 assist function is active. 

[0034] Therefore, the state with the display of two 
white lines only, without the display of the steering wheel 
mark, indicates that the lane departure warning function 
is active. In addition, a state with a display of a READY 

30 mark on the left side of the multi-display 42, as shown 
in Fig. 8, indicates a state in which the lane-keep assist 
function can be activated by a certain operation on the 
iane keeping device 1 or on the cruise control system 
10 (a ready state). As shown in Fig. 7B and others, a 

35 state with a display of two vehicles and a cruise control 
mark consisting of radio waves from the rear vehicle 
thereof in the central part of the multi-display 42 indi- 
cates that the cruise control system 1 0 is active. During 
the display of this cruise control mark, the set vehicle 

40 speed of the cruise control is also displayed on the right 
side of the multi-display 42. 

[0035] Accordingly, where the display signal DS indi- 
cates a stop of the lane keeping device 1 (including a 
failure case), the meter unit 40 displays neither the two 

45 white lines nor the steering wheel mark on the multi-dis- 
play 42. Where the display signal DS indicates activa- 
tion of the lane-keep assist function, the meter unit 40 
displays the two white lines and the steering wheel mark 
on the multi-display 42. Where the display signal DS in- 

50 dicates activation of the lane departure warning func- 
tion, the meter unit 40 displays the two white lines on 
the multi-display 42 (without the steering wheel mark). 
[0036] Furthermore, where the display signal DS in- 
dicates the ready state of the lane-keep assist function, 

55 the meter unit 40 also displays the READY mark on the 
multi-display 42. In passing, where the display signal 
from the cruise control ECU 11 indicates activation of 
the cruise control, the meter unit 40 displays the cruise 
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control mark and the set vehicle speed on the multi-dis- 
play 42; on the other hand, where the display signal In- 
dicates deactivation of the cruise control, the meter unit 
40 displays neither the cruise control mark nor the set 
vehicle speed on the multi-display 42. 
[0037] The activation of the lane departure warning 
function Involves two cases: a case where the cruise 
control system 1 0 is inactive (Fig. 7A); a case where the 
cruise control system 1 0 is active (Fig. 7B). On the other 
hand, the cruise control system 1 0 is always active with 
activation of the lane-keep assist function (Fig. 9). The 
ready state of the lane-keep assist function involves (1) 
a case where the lane keeping device 1 is inactive (cf 
Fig. 8A), (2) a case where the cruise control system 1 0 
is inactive (Fig. 8B), (3) a case where the cruise control 
system 1 0 Is active and where the set vehicle speed is 
off an activation permitting speed range of the lane-keep 
assist function (Fig. 8C), and so on. 
[0038] The camera 2 is, for example, a CMOS [Com- 
plimentary Metal Oxide Semiconductor] camera, and is 
mounted in the front part of the vehicle equipped with 
the lane keeping device 1 . On this occasion, the camera 
2 Is mounted so that the direction of its optical axis 
agrees with a traveling direction ofthe vehicle. The cam- 
era 2 takes an image of a forward road ahead the vehicle 
and acquires a color image thus taken (e.g., an image 
based on RGB [Red Green Blue]). The camera 2 trans- 
mits data ofthe taken image as a photograph signal PS 
to image ECU 3. The camera 2 has a wide image field 
In the lateral directions and Is able to well photograph 
(a pair of) white lines on the left and right sides indicating 
atraveling lane. The camera 2 is a color camera herein, 
but it may also be a monochrome camera as long as it 
can acquire an image that permits recognition of white 
lines on a road. 

[0039] The image ECU 3 is comprised of a CPU [Cen- 
tral Processing Unit], a ROM [Read Only Memory], a 
RAM [Random Access Memory], and so on. The image 
ECU 3 retrieves the photograph signal PS, and recog- 
nizes a pair of white lines indicating a lane on which the 
vehicle is traveling, from the photographic image data 
ofthe photograph signal PS. Then the image ECU 3 cal- 
culates a width of the lane, a line passing a center be- 
tween a pair of white lines (i.e., a center line of the lane), 
and a radius of curvature and a curvature of the center 
line from the pair of white lines recognized.. Further- 
more, the image ECU 3 calculates an angular difference 
between the center line of the lane and the direction in 
which the camera 2 Is directed (i.e., the traveling direc- 
tion of the vehicle), and an offset amount of the vehicle 
from the center line of the lane. Then the image ECU 3 
transmits to the main ECU 6 these information of the 
pair of white lines recognized and information thus cal- 
culated, as an image signal GS. 
[0040] The vehicle speed sensor 4 is a sensor for de- 
tecting a speed of the vehicle on the basis of rotational 
speeds of wheels or the like. The vehicle speed sensor 
4 transmits the detected speed information as a vehicle 



speed signal SS to the main ECU 6. The lane keep 
switch 5 is a switch for selecting (or setting) activation/ 
deactivation of the lane keeping device 1 according to 
a driver's operation. The lane keep switch 5 transmits 
information about on/off selected by the driver, as a 
switch signal WS to the main ECU 6. 
[0041] The main ECU 6 is comprised of a CPU, a 
ROM, a RAM, and so on. The main ECU 6 retrieves the 
image signal GS from the image ECU 3, the vehicle 
speed signal SS from the vehicle speed sensor 4, the 
switch signal WS from the lane keep switch 5, and the 
cruise control signal CS from the cruise control system 
10 (cruise control ECU 11). Then the main ECU 6 de- 
termines activation/deactivation of the lane departure 
warning function and the lane-keep assistf unction, and, 
in a case where either of the functions is activated, it 
executes the control of the function. Furthermore, the 
main ECU 6 sets the various signals TS, BS according 
to the function under execution ofthe control, and trans- 
mits the various signals TS, BS to the electric power 
steering 20 (steering ECU 21 ) and to the warning device 
30. In addition, the main ECU 6 determines the contents 
ofthe display on the multi-display 42 in accordance with 
the working situations of the lane departure warning 
function and the lane-keep assist function and the work- 
ing situation of the cruise control system 10. Further- 
more, the main ECU 6 sets a display signal DS accord- 
ing to the contents ofthe display determined and trans- 
mits the display signal DS to the meter unit 40. 
[0042] A process of determining activation/deactiva- 
tion ofthe lane departure warning function and the lane- 
keep assist function in the main ECU 6 will be described 
below with reference to Fig. 2. The main ECU 6 deter- 
mines whether the lane keep switch 5 is on, based on 
the switch signal WS. When the lane keep switch 5 is 
off, the main ECU 6 deactivates the lane keeping device 
1 . When the lane keep switch 5 is on, the main ECU 6 
determines whether the cruise control system 10 is ac- 
tive, based on the cruise control signal CS. 
[0043] When the cruise control system 1 0 is inactive, 
the main ECU 6 determines whether the vehicle speed 
V is within the activation permitting speed range of the 
lane departure warning function (i.e., whether the vehi- 
cle speed V is not less than V1 and not more than V2), 
based on the vehicle speed signal SS. When the vehicle 
speed V is off the activation permitting speed range of 
the lane departure warning function (i.e., when the ve- 
hicle speed V is less than V1 or higher than V2), the 
main ECU 6 deactivates the lane keeping device 1 . On 
the other hand, when the vehicle speed V is within the 
activation permitting speed range of the lane departure 
warning function (i.e., when the vehicle speed V is not 
less than V1 and not more than V2), the main ECU 6 
activates the lane departure warning function. 
[0044] When the cruise control system 1 0 is active, 
the main ECU 6 determines whether the set vehicle 
speed Vset of the cruise control is within the activation 
permitting speed range of the lane-keep assist function 
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(i.e., whetherthe vehicle speed Vset is not less than V3 
and not more than V4), based on the cruise control sig- 
nal CS. In passing, when the cruise control system 10 
is active, the vehicle is automatically adjusted so that 
the vehicle speed V becomes the set vehicle speed 
Vset; therefore, the determination is made using the set 
vehicle speed Vset herein. The above determination 
may be made using the actual vehicle speed V accord- 
ing to the vehicle speed signal SS, instead of the set 
vehicle speed Vset of the cruise control. In addition, the 
determination may also be made based on whetherthe 
set vehicle speed Vset and the actual vehicle speed V 
both are within the activation permitting speed range of 
the lane-keep assist function. However, V1 < V3 and V4 
< V2; the activation permitting speed range of the lane- 
keep assist function is thus a speed range included in 
the activation permitting speed range of the lane depar- 
ture warning function. In addition, V5 < V1 < V3 and V6 
= V4 < V2, in the relation with the activation permitting 
speed range of the set speed of the cruise control sys- 
tem 10 (i.e., the set vehicle speed Vset is not less than 
V5 and not more than V6). 

[0045] When the set vehicle speed Vset Is off the ac- 
tivation permitting speed range of the lane-keep assist 
function (i.e., when the vehicle speed Vset is less than 
V3 or higher than V4), the main ECU 6 determines 
whether the set vehicle speed Vset is within the activa- 
tion permitting speed range of the lane departure warn- 
ing function, based on the cruise control signal CS. 
When the set vehicle speed Vset is off the activation per- 
mitting speed range of the lane departure warning func- 
tion, the main ECU 6 deactivates the lane keeping de- 
vice 1 . The determination herein is also made using the 
set vehicle speed Vset, but the determination may also 
be made using the actual vehicle speed V according to 
the vehicle speed signal SS. In addition, the determina- 
tion may also be made according to whether the set ve- 
hicle speed Vset and the actual vehicle speed V both 
are within the activation permitting speed range of the 
lane departure warning function. When the set vehicle 
speed Vset is within the activation permitting speed 
range of the iane departure warning function, the main 
ECU 6 activates the lane departure warning function. 
On the other hand, when the set vehicle speed Vset is 
within the activation permitting speed range of the lane- 
keep assist function (i.e. , when the vehicle speed is not 
less than V3 and not more than V4), the main ECU 6 
activates the lane-keep assist function. 
[0046] Accordingly, the lane keeping device 1 is acti- 
vated when the lane keep switch 5 is on and when the 
vehicle speed V is within the activation permitting speed 
range of the lane departure warning function. The lane- 
keep assist function is activated only when the cruise 
control system 10 is active and when the set vehicle 
speed Vset of the cruise control is within the activation 
permitting speed range of the lane-keep assist function, 
in a state in which the lane keeping device 1 is active. 
On the other hand, the lane departure warning function 



is activated when the lane-keep assist function is inac- 
tive, in a state in which the lane keeping device 1 is ac- 
tive. Therefore, if the cruise control system 10 is deac- 
tivated even with activation of the lane-keep assist func- 

s tion, the lane-keep assist function is deactivated and the 
lane departure warning function is activated. 
[0047] If the set vehicle speed Vset of the cruise con- 
trol becomes off the activation permitting speed range 
of the lane-keep assist function even with activation of 

10 the lane-keep assist function, the lane-keep assist func- 
tion is deactivated and the lane departure warning func- 
tion is activated. When the image ECU 3 fails to recog- 
nize white lines even with the lane keep switch 5 being 
on, the lane departure warning function and the lane- 
's keep assist function are not activated, because the ef- 
fects by the respective functions cannot be achieved 
even with activation of the lane departure warning func- 
tion and the lane-keep assist function. 
[0048] A process in the main ECU 6 during execution 

so of the control of the lane departure warning function will 
be described with reference to Fig. 3. The lane depar- 
ture warning function determines whether the vehicle 
can depart from a lane, based on a relative positional 
relation between the vehicle and the lane (a pair of white 

25 lines) during traveling of the vehicle. When the lane de- 
parture warning function determines that the vehicle can 
depart from the lane, it performs an operation of adding 
asteering force at a body-sensory warning level by mak- 
ing use of the electric power steering 20, an issue of a 

so buzzer sound from the warning device 30, and a display 
of a warning on the multi-display 42 of the meter unit 40, 
in order to encourage the driver to perform a steering 
operation for avoiding the departure from the lane. 
[0049] The steering force at the body-sensory warn- 

35 ing level is a small steering force enough to make the 
driver aware that the steering force is added toward the 
center of the lane (the steering force added to the steer- 
ing wheel by the vehicle). This steering force is of a small 
predetermined magnitude and is added only during a 

40 short period of time predetermined. In Fig. 3, a dashed 
arrow indicates a vehicular swept path of the vehicle 
without addition of the steering force, and a solid arrow 
a vehicular swept path of the vehicle with addition of the 
steering force by the lane departure warning function. 

is The provision of this small steering force defers a de- 
parture of the vehicle from the lane, and the driver can 
return the vehicle toward the center of the lane by a 
steering operation during that period. 
[0050] For that purpose, the main ECU 6 determines 

50 whetherthe vehicle can departfrom the lane, based on 
the mutual relation between the direction of the camera 
2 (i.e., the traveling direction of the vehicle) and the di- 
rection of a pair of white lines (or the center line of the 
lane), in consideration of the radius of curvature of the 

55 center line of the lane and the width of the lane. The 
main ECU 6 also determines the steering direction of 
the steering force added, based on the direction of the 
camera 2 and the direction of the pair of white lines. 
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[0051 ] When it is determined that the vehicle can de- 
partf rom the lane, the main ECU 6 sets a steering torque 
signal TS indicating a steering torque (a steering direc- 
tion of which is the direction determined) for generating 
the steering force at the body-sensory warning level, 
and transmits the steering torque signal TS to the elec- 
tric power steering 20 (steering ECU 21 ). In addition, the 
main ECU 6 sets a buzzer signal BS for emitting a buzz- 
er sound from the warning device 30, and transmits the 
buzzer signal BS to the warning device 30. Furthermore, 
the main ECU 6 sets a display signal DS for providing 
a display of a warning on the multi-display 42 of the me- 
ter unit 40, and transmits the display signal DS to the 
meter unit 40. 

[0052] A process in the main ECU 6 with execution of 
the control of the lane-keep assist function will be de- 
scribed with reference to Fig. 4. The lane-keep assist 
function adds a steering force to the steering system by 
making use of the electric power steering 20 so as to 
keep the vehicle traveling near the center of the lane. 
This steering force is a relatively small steering force 
enough to assist the steering force by the driver, and is 
set according to the radius of curvature of the lane, the 
angular difference between the vehicle and the center 
line of the lane, and the offset amount. The steering 
force added is a small steering force enough to assist 
the driver's steering force, and thus the vehicle can de- 
part from the lane, depending upon the driver's steering 
force. 

[0053] When the lane-keep assist function deter- 
mines that the vehicle cannot keep traveling within the 
lane, it performs an emission of a buzzer sound from the 
warning device 30 and a display of a warning on the mul- 
ti-display 42 of the meter unit 40. In Fig. 4, a dashed 
arrow indicates a vehicular swept path of the vehicle 
with addition of the steering force by the lane-keep as- 
sist function. In this case, the vehicle, having been 
traveling near the edge of the lane, comes to travel near 
the center line of the lane (chain line) with addition of 
the steering force toward the right. On this occasion, the 
steering force by the driver's steering operation also 
acts on the vehicle. 

[0054] For that purpose, the main ECU 6 calculates 
the magnitude and the steering direction of the addition- 
al steering torque, based on the angular difference of 
the direction of the camera 2 (i.e., the traveling direction 
of the vehicle) relative to the center line of the lane, the 
offset amount of the vehicle from the center line of the 
lane, and the curvature of the lane, on the basis of the 
image signal GS. On this occasion, the additional steer- 
ing torque increases with increase in the angular differ- 
ence, the offset amount, and the curvature. In the cal- 
culation of the magnitude of the steering torque, the an- 
gular difference, the offset amount, and the curvature 
are multiplied by their respective gains, and the addi- 
tional steering torque increases with Increase in the 
gains. By increasing each of these gains, therefore, it 
becomes feasible to make the vehicle travel near the 



center of the lane, without the driver's steering force. 
The main ECU 6 sets a steering torque signal TS indi- 
cating the steering torque obtained by the calculation, 
and transmits the steering torque signal TS to the elec- 

s trie power steering 20 (steering ECU 21). 

[0055] In addition, the main ECU 6 determines wheth- 
er the vehicle can keep traveling within the lane, from 
the mutual relation between the direction of the camera 
2 and the direction of the pair of white lines, in consid- 

10 eration of the radius of curvature of the center line of the 
lane and the width of the lane, on the basis of the image 
signal GS. When it is determined that the vehicle cannot 
keep traveling within the lane, the main ECU 6 sets a 
buzzer signal BS for emitting a buzzer sound from the 

is warning device 30, and transmits the buzzer signal BS 
to the warning device 30. In addition, the main ECU 6 
sets a display signal DS for providing a display of a warn- 
ing on the multi-display 42 of the meter unit 40, and 
transmits the display signal DS to the meter unit 40. 

20 [0056] Processes of providing the contents of the dis- 
play on the multi-display 42 by the main ECU 6 will be 
described with reference to Figs. 5 to 9. When the lane 
keeping device 1 Is inactive, the multi-display 42 dis- 
plays neither the two white lines nor the steering wheel 

25 mark (Fig. 6), and thus the main ECU 6 sets the display 
signal DS to indicate that the lane keeping device 1 is 
inactive. When the lane-keep assist function is active, 
the multi-display 42 displays the two white lines and the 
steering wheel mark (Fig. 9), and thus the main ECU 6 

30 sets the display signal DS to Indicate that the lane-keep 
assist function is active. In addition, when the lane de- 
parture warning function is active, the multi-display 42 
displays the two white lines (Fig. 7), and thus the main 
ECU 6 sets the display signal DS to indicate that the 

35 [ane departure warning function is active. 

[0057] The main ECU 6 determines whether the lane 
keep switch 5 is on or off, based on the switch signal 
WS [Fig. 10: step 10]. When the lane keep switch 5 is 
on [Fig. 10: step 10-Yes], the main ECU 6 determines 

40 whether the cruise control system 10 is active or inac- 
tive, based on the cruise control signal CS [Fig. 1 0: step 
11]. The phrase "within or outside the condition" will be 
used hereinafter, and "within the condition" refers to a 
state in which the lane-keep assist function can be ac- 

45 tivated by a certain operation on the cruise control sys- 
tem 10 (a switch-on operation, RESUME, or the like). 
When the cruise control system 10 is inactive [Fig. 10: 
step 11 -Yes], the main ECU 6 determines whether the 
cruise control system 10 is in a ready state within the 

so condition, based on the cruise control signal CS [Fig. 
10: step 12]. 

[0058] When the cruise control system 1 0 is in the 
ready state within the condition [Fig. 10: step 12-Yes], 
the main ECU 6 sets the display signal DS indicating the 
55 ready state of the lane-keep assistfunction [Fig. 1 0: step 
13], in order to indicate the READY mark on the multi- 
display 42 (Fig. BB). On the other hand, when the cruise 
control system 1 0 is not in the ready state within the con- 
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dition [Fig. 10: step 12-No], the main ECU 6 sets the 
display signal DS indicating that the lane-keep assist 
function is not in the ready state [Fig. 10: step 14], in 
order not to display the READY mark on the multi-dis- 
play 42. 

[0059] The below will describe the state in which the 
cruise control system 10 is in the ready state within the 
condition with the lane keeping device 1 being active 
and with the cruise control system 1 0 being inactive [Fig. 
1 0: step 1 2-Yes]. When the lane departure warning func- 
tion of the lane keeping device 1 is active and when the 
cruise control system 1 0 is inactive (canceled), the lane- 
keep assist function is activated with activation of the 
cruise control system 10 where a driver's operation 
brings the set vehicle speed Vset of the cruise control 
into the activation permitting speed range of the lane- 
keep assist function (i.e., when the set vehicle speed 
Vset becomes not less than V3 and not more than V4). 
Namely, the lane-keep assist function is activated when 
the vehicle speed V falls within the activation permitting 
speed range of the lane-keep assist function and when 
the cruise control system 1 0 is started by an on opera- 
tion on the cruise control switch 1 3 (when the target ve- 
hicle speed Vset is set within the activation permitting 
speed range of the lane-keep assistfunction). In another 
situation, the lane-keep assistfunction is activated when 
the set vehicle speed Vset before canceling of the cruise 
control system 10 is within the activation permitting 
speed range of the lane-keep assist function and when 
the cruise control system 10 is resumed by the 
RESUME operation on the cruise control switch 13. 
[0060] On the other hand, when the lane keep switch 

5 Is off [Fig. 1 0: step 1 0-No], the main ECU 6 determines 
whetherthe cruise control system 1 0 is active within the 
condition, based on the cruise control signal CS [Fig. 
1 0: step 1 5]. When the cruise control system 1 0 is active 
within the condition [Fig. 1 0: step 1 5- Yes], the main ECU 

6 sets the display signal DS to indicate that the lane- 
keep assist function is in the ready state [Fig. 1 0: step 
13], in order to display the READY mark on the multi- 
display 42 (Fig. 8A). On the other hand, when the cruise 
control system 1 0 is not active within the condition [Fig. 
10: step 15-No], the main ECU 6 sets the display signal 
DS to indicate that the lane-keep assist function is not 
in the ready state, in order not to display the READY 
mark on the multi-display 42 [Fig. 10: step 14]. 
[0061] The below will describe the state in which the 
cruise control system 1 0 is active within the condition 
with the lane keeping device 1 being inactive and with 
the cruise control system 1 0 being active [Fig. 10: step 
15-Yes]. The lane-keep assistfunction is activated with 
activation of the lane keeping device 1 by a driver's op- 
eration when the lane keeping device 1 is inactive and 
when the cruise control system 1 0 is active with the set 
vehicle speed Vset of the cruise control being within the 
activation permitting speed range of the lane-keep as- 
sist function (the set vehicle speed Vset being not less 
than V3 and not more than V4). Namely, the lane-keep 



assist function is activated when the lane keeping de- 
vice 1 is started by an on operation on the lane keep 
switch 5. 

[0062] The following will describe a state in which the 
s cruise control system 1 0 is active outside the condition 
with the lane keeping device 1 being inactive and with 
the cruise control system 10 being active [Fig. 10: step 
15-No]. When the lane keeping device 1 Is inactive and 
when the cruise control system 1 0 is active with the set 
10 vehicle speed Vset of the cruise control being off the 
activation permitting speed range of the lane-keep as- 
sist function (the set vehicle speed being less than V3 
or higher than V4), the lane departure warning function 
is activated or is kept inactive if the lane keeping device 
is 1 is activated by a driver's operation. Namely, the lane- 
keep assistfunction cannot be activated even if the lane 
keeping device 1 is started by an on operation on the 
lane keep switch 5. 

[0063] When the lane keep switch 5 is on and when 

20 the cruise control system 10 is active [Fig. 10: step 
11-No], the main ECU 6 determines whetherthe cruise 
control system 10 is active outside the condition, based 
on the cruise control signal CS [Fig. 11 : step 20]. When 
the cruise control system 1 0 is active within the condition 

25 [Fig. 11 : step 20-No], the lane-keep assist function Is al- 
ready activated, and thus the main ECU 6 sets the dis- 
play signal DS to indicate that the lane-keep assist func- 
tion is not in the ready state (already started), in order 
not to display the READY mark on the multi-display 42 

so [Fig. 11: step 23], The state in which the cruise control 
system 1 0 is active outside the condition means a state 
in which the cruise control system 10 is active with the 
set vehicle speed Vset of the cruise control being off the 
activation permitting speed range of the lane-keep as- 

35 sist function (i.e., with the set vehicle speed being less 
than V3 or higher than V4). 

[0064] When the cruise control system 1 0 is active 
outside the condition [Fig. 11: step 20-Yes], the main 
ECU 6 determines whether the set vehicle speed Vset 

io of the cruise control is near the activation permitting 
speed range of the lane-keep assist function (i.e., 
whether the set vehicle speed is less than V3 but near 
V3, or higher than V4 but near V4), based on the cruise 
control signal CS [Fig. 1 1 : step 21 ]. When the set vehicle 

45 speed Vset of the cruise control is near the activation 
permitting speed range of the lane-keep assist function 
[Fig. 11: step 21-Yes], the main ECU 6 sets the display 
signal DS to indicate that the lane-keep assist function 
is in the ready state [Fig. 1 1 : step 22], in orderto display 

so the READY mark on the multi-display 42 (Fig. 8C). On 
the other hand, when the set vehicle speed Vset of the 
cruise control is not nearthe activation permitting speed 
range of the lane-keep assist function [Fig. 11: step 
21 -No], the main ECU 6 sets the display signal DS to 

55 indicate that the lane-keep assist function is not in the 
ready state [Fig. 11: step 23], in order not to display the 
READY mark on the multi-display 42. 
[0065] The below will describe a state in which the 
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cruise control system 10 Is active outside the condition 
with the lane keeping device 1 being active and with the 
cruise control system 10 being active [Fig. 11: step 
20-Yes]. When the lane keeping device 1 is active and 
when the cruise control system 1 0 is active with the set 
vehicle speed Vset of the cruise control being off the 
activation permitting speed range of the lane-keep as- 
sist function, the lane-keep assist function will be acti- 
vated if the set vehicle speed Vset is set into the activa- 
tion permitting speed range of the lane-keep assistfunc- 
tion by a driver's operation. Namely, the lane-keep assist 
function is activated when the driver performs a speed 
change operation on the cruise control switch 13 to in- 
crease or decrease the set vehicle speed Vset into the 
activation permitting speed range of the lane-keep as- 
sist function. Since the driver determines the set speed 
in consideration of the surrounding driving conditions 
and the speed limit, the driver is highly possibly unable 
to largely change the set vehicle speed Vset. Therefore, 
the READY mark is displayed only when the set vehicle 
speed Vset is nearthe activation permitting speed range 
of the lane-keep assist function [Fig. 11: step 21 -Yes]. 
[0066] The vehicle speed near the activation permit- 
ting speed range of the lane-keep assist function is set 
on the basis of the concept as described below. When 
the driver sets the vehicle speed of the cruise control, a 
speed region corresponding to a set speed width that 
can be changed by a single operation becomes a near 
region to the activation permitting speed range. There- 
fore, for example, where the vehicle is provided with a 
speed setting means arranged to change the set vehicle 
speed stepwise by a single operation, a speed width of 
one step of the setting means is the near region to the 
activation permitting speed range; where the vehicle is 
provided with a speed setting means for gradually 
changing the set vehicle speed against an operation, a 
speed width sensed as a single operation by the driver 
is the near region to the activation permitting speed 
range. 

[0067] The operation of the lane keeping device 1 will 
be described with reference to Fig. 1 . Particularly, the 
determination on the ready state of the lane-keep assist 
function in the display content processing by the main 
ECU 6 will be described along the flowchart of Fig. 10 
as to the main processing thereof and will be described 
along the flowchart of Fig. 1 1 as to the sub-processing. 
Fig. 1 0 is a flowchart showing the main processing of 
the determination on the ready state of the lane-keep 
assist function in the display content processing by the 
main ECU in Fig. 1. Fig. 11 is a flowchart showing the 
sub-processing. 

[0068] The camera 2 takes an image of a forward road 
ahead the vehicle, and transmits data of the photo- 
graphic image as a photograph signal PS to the image 
ECU 3. The image ECU 3 recognizes a pair of white 
lines defining a lane, from the photographic image. Then 
the image ECU 3 calculates the lane width, the center 
line of the lane, and the radius of curvature and the cur- 



vature of the center line from the pair of white lines, and 
calculates the angular difference between the center 
line of the lane and the direction of the camera 2 and 
the offset amount of the vehicle from the center line of 

s the lane. Furthermore, the image ECU 3 transmits these 
information about the pair of white lines and information 
calculated, as an image signal GS to the main ECU 6. 
The vehicle speed sensor 4 detects vehicle speed infor- 
mation and transmits the vehicle speed information as 

io a vehicle speed signal SS to the main ECU 6. The lane 
keep switch 5 transmits information about on/off thereof 
as a switch signal WS to the main ECU 6. 
[0069] The cruise control ECU 11 transmits informa- 
tion about on/off of the cruise control system 1 0 and in- 

is formation of the set vehicle speed Vset by the driver as 
a cruise control signal CS to the main ECU 6. The cruise 
control ECU 1 1 also transmits the information about ac- 
tivation/deactivation of the cruise control system 1 0 and 
the information of the set vehicle speed Vset as a display 

so signal DS to the meter unit 40. The main ECU 6 deter- 
mines whether the lane keep switch 5 is on, based on 
the switch signal WS. When the lane keep switch 5 is 
determined to be off, the main ECU 6 deactivates the 
lane keeping device 1 . When the lane keep switch 5 is 

25 determined to be on, the main ECU 6 determines wheth- 
er the cruise control system 1 0 is active, based on the 
cruise control signal CS. 

[0070] When it is determined that the cruise control 
system 1 0 is active, the main ECU 6 determines whether 

30 the set vehicle speed Vset of the cruise control is within 
the activation permitting speed range of the lane-keep 
assist function, based on the cruise control signal CS. 
When the cruise control system 1 0 is active, the vehicle 
is automatically adjusted so that the vehicle speed V be- 

35 comes the set vehicle speed Vset, and thus the deter- 
mination herein is made using the set vehicle speed 
Vset. When the set vehicle speed Vset is determined to 
be within the activation permitting speed range of the 
lane-keep assist function, the main ECU 6 activates the 

40 lane-keep assist function. On the other hand, when the 
set vehicle speed Vset is determined to be off the acti- 
vation permitting speed range of the lane-keep assist 
function, the main ECU 6 determines whether the set 
vehicle speed is within the activation permitting speed 

45 range of the lane departure warning function, based on 
the cruise control signal CS. When the set vehicle speed 
is determined to be within the activation permitting 
speed range of the lane departure warning function, the 
main ECU 6 activates the lane departure warning func- 

so tion. When the set vehicle speed is determined to be off 
the activation permitting speed range of the lane depar- 
ture warning function, the main ECU 6 deactivates the 
lane keeping device 1 . The determination herein is also 
made using the set vehicle speed Vset. 

55 [0071] On the other hand, when the cruise control sys- 
tem 10 is determined to be inactive (stopped), the main 
ECU 6 determines whetherthe vehicle speed V is within 
the activation permitting speed range of the lane depar- 



11 



21 



EP 1 602 561 A1 



22 



ture warning function, based on the vehicle speed signal 
SS. When the vehicle speed V is determined to be within 
the activation permitting speed range of the lane depar- 
ture warning function, the main ECU 6 activates the lane 
departure warning function. When the vehicle speed is 
determined to be off the activation permitting speed 
range of the lane departure warning function, the main 
ECU 6 deactivates the lane keeping device 1 . When the 
lane keeping device 1 is deactivated, the main ECU 6 
sets the display signal DSto indicate the stop of the lane 
keeping device 1 , and transmits the display signal DS 
to the meter unit 40. When receiving this display signal 
DS, the meter unit 40 displays neitherthe two white lines 
■ northe steering wheel mark on the multi-display 42 (Fig. 
6). 

[0072] In activating the lane departure warning func- 
tion, the main ECU 6 sets the display signal DS to indi- 
cate activation of the lane departure warning function, 
and transmits the display signal DS to the meter unit 40. 
When receiving this display signal DS, the meter unit 40 
displays the two white lines on the multi-display 42 but 
does not display the steering wheel mark (Fig. 7). In ac- 
tivating the lane-keep assist function, the main ECU 6 
sets the display signal DS to indicate activation of the 
lane-keep assist function, and transmits the display sig- 
nal DS to the meter unit 40. When receiving this display 
signal DS, the meter unit 40 displays the two white lines 
and the steering wheel mark on the multi-display 42 (Fig. 
9). The driver becomes aware that the lane departure 
warning function or the lane-keep assist function is ac- 
tive or inactive, with or without the display of the two 
white lines and the steering wheel mark on the multi- 
display 42. 

[0073] Furthermore, the main ECU 6 determines 
whether the lane keep switch 5 is on, based on the 
switch signal WS (step 10). When it is determined at 
step 10 that the lane keep switch 5 is on, the main ECU 
6 determines whether the cruise control system 10 is 
inactive (stopped), based on the cruise control signal CS 
(step 1 1 ). When it is determined at step 1 1 that the cruise 
control system 1 0 is active, the main ECU 6 goes to the 
sub-processing. The sub-processing will be described 
later. 

[0074] On the other hand, when it is determined at 
step 11 that the cruise control system 10 is inactive, the 
main ECU 6 determines whether the cruise control sys- 
tem 10 is ready to be activated within the condition, 
based on the cruise control signal CS (step 1 2). The de- 
termination on whether the cruise control system is 
ready to be activated within the condition is made based 
on whether the activation start condition of the lane- 
keep assist function is met in the active state of the 
cruise control. When it is determined at step 1 2 that the 
cruise control system 10 is ready within the condition, 
the main ECU 6 determines that the lane-keep assist 
function is in the ready state. 
[0075] Then the main ECU 6 sets the display signal 
DS to indicate the ready state of the lane-keep assist 



function, and transmits the display signal DS to the me- 
ter unit 40. When receiving this display signal DS, the 
meter unit 40 displays the READY mark on the multi- 
display 42 (step 1 3). Since the present status is that the 

5 lane departure warningfunction is active, the cruise con- 
trol system 1 0 is inactive, and the lane-keep assist func- 
tion is in the ready state, as shown In Fig. SB, the two 
white lines and the READY mark are displayed on the 
multi-display 42. The driver becomes aware that the 

10 lane-keep assist function can be activated by an on op- 
eration or a RESUME operation on the cruise control 
switch 13, through the contents of the display on the 
multi-display 42. 

[0076] When it is determined at step 12thatthecruise 

is control system 1 0 is not ready to be activated within the 
condition, the main ECU 6 determines that the lane- 
keep assist function is not in the ready state. Then the 
main ECU 6 sets the display signal DS to indicate that 
the lane-keep assist function is not In the ready state, 

20 and transmits the display signal DS to the meter unit 40. 
When receiving this display signal DS, the meter unit 40 
does not display the READY mark on the multi-display 
42 (step 1 4). In this case, since the READY mark is not 
displayed on the multi-display 42, the driver becomes 

25 aware that the lane-keep assist function cannot be ac- 
tivated by only an on operation or a RESUME operation 
on the cruise control switch 1 3. 
[0077] When it is determined at step 1 0 that the lane 
keep switch 5 is off, the main ECU 6 determines whether 

30 the cruise control system 1 0 is active within the condi- 
tion, based on the cruise control signal CS (step 15). 
The determination on whetherthe cruise control system 
is active within the condition is made based on whether 
the present cruise control satisfies the activation start 

35 condition of the lane-keep assistfunction. When it is de- 
termined at step 15 that the cruise control system 10 is 
active within the condition, the main ECU 6 determines 
that the lane-keep assist function is in the ready state, 
sets the display signal DS to indicate the ready state of 

40 the lane-keep assistfunction, and transmits ittothe me- 
ter unit 40. When receiving the display signal DS, the 
meter unit 40 displays the READY mark on the multi- 
display 42 (step 13). 

[0078] In this case, since the present status is that the 
45 lane keeping device 1 is inactive, the cruise control sys- 
tem 10 is active, and the lane-keep assistfunction is in 
the ready state, as shown in Fig. 8A, the cruise control 
mark, the set vehicle speed Vset, and the READY mark 
are displayed on the multi-display 42. The driver be- 
50 comes aware that the lane-keep assist function can be 
activated by an on operation on the lane keep switch 5, 
through the display contents on the multi-display 42. 
[0079] On the other hand, when it is determined at 
step 15 that the cruise control system 10 is not active 
55 withinthecondition.themain ECU 6 determines that the 
lane-keep assist function is not in the ready state, sets 
the display signal DS to indicate that the lane-keep as- 
sist function is not in the ready state, and transmits it to 
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the meter unit 40. When receiving this display signal DS, 
the meter unit 40 does not display the READY mark on 
the multi-display 42 (step 14). In this case, since the 
READY mark is not displayed on the multi-display 42, 
the driver becomes aware that the lane-keep assist 5 
function cannot be activated by only an on operation on 
the lane keep switch 5. 

[0080] The aforementioned sub-processing will be 
described. When the lane keep switch 5 Is on and when 
the cruise control system 1 0 is active, the main ECU 6 
determines whether the cruise control system 10 is ac- 
tive outside the condition, based on the cruise control 
signal CS (step 20). When it is determined at step 20 
that the cruise control system 10 is not active outside 
the condition, the lane-keep assist function is already 
active and thus the main ECU 6 sets the display signal 
DS to indicate that the lane-keep assist function is not 
in the ready state (already started), in order not to dis- 
play the READY mark, andtransmits it to the meter unit 
40. When receiving this display signal DS, the meter unit 
40 does not display the READY mark on the multi-dis- 
play 42 (step 23). In this case, the lane-keep assistfunc- 
tion is already active. 

[0081] When it is determined at step 20 thatthe cruise 
control system 10 is active outside the condition, the 
main ECU 6 determines whether the set vehicle speed 
Vsetof the cruise control is nearthe activation permitting 
speed range of the lane-keep assist function, based on 
the cruise control signal CS (step 21). When it is deter- 
mined at step 21 that the set vehicle speed Vset is near 
the activation permitting speed range of the lane-keep 
assist function, the main ECU 6 determines that the 
lane-keep assist function is in the ready state, sets the 
display signal DS to indicate that the lane-keep assist 
function is in the ready state, and transmits it to the me- 
ter unit 40. When receiving this display signal DS, the 
meter unit 40 displays the READY mark on the multi- 
display 42 (step 22). 

[0082] In this case, since the present status is thatthe 
lane keeping device 1 and the cruise control system 10 
are active and the lane-keep assist function is in the 
ready state, as shown in Fig. 8C, the cruise control mark, 
the set vehicle speed Vset, the two white lines, and the 
READY mark are displayed on the multi-display 42. The 
driver becomes aware thatthe lane-keep assist function 
can be activated by a set speed changing operation on 
the cruise control switch 13, through the display con- 
tents on the multi-display 42. 
[0083] When it is determined at step 21 that the set 
vehicle speed Vset of the cruise control is not near the 
activation permitting speed range of the lane-keep as- 
sist function, the main ECU 6 determines that the lane- 
keep assist function is not in the ready state, sets the 
display signal DS to indicate that the lane-keep assist 
function is not in the ready state, and transmits it to the 
meter unit 40. When receiving this display signal DS, 
the meter unit 40 does not display the READY mark on 
the multi-display 42 (step 23). In this case, since the 



READY mark is not displayed on the multi-display 42, 
the driver becomes aware that the lane-keep assist 
function cannot be activated unless the set speed is 
largely changed on the cruise control switch 13. 
[0084] As described above, the READY mark is dis- 
played for the driver when the lane-keep assist function 
can be activated by a driver's operation out of the on 
operation or RESUME operation on the cruise control 
switch 13, the on operation on the lane keep switch 5, 
and the speed changing operation on the cruise control 
switch 13 for satisfying the activation start condition of 
the lane-keep assist function; this permits the driver to 
become aware of the present status of capability of shift- 
ing to the lane-keep assist function. 
[0085] When the lane departure warning function is 
activated, the main ECU 6 determines whether the ve- 
hicle can depart from the lane, based on the image sig- 
nal GS. When it is determined that the vehicle can de- 
part from the lane, the main ECU 6 transmits the steer- 
ing torque signal TS indicating the steering torque for 
generating the steering force at the body-sensory warn- 
ing level, to the steering ECU 21 . The main ECU 6 also 
transmits the buzzer signal BS for issuing a buzzer 
sound, to the warning device 30, and transmits the dis- 
play signal DS for providing a display of a warning on 
the multi-display 42 of the meter unit 40, to the meter 
unit 40. 

[0086] The electric power steering 20 sets the assist 
amount by adding the steering torque indicated by the 
steering torque signal TS, to the steering torque given 
by the driver, and drives the electric motor 22 according 
to the assist amount. Then the small steering force by 
the control of the lane keeping device 1 acts on the ve- 
hicle for a short period of time to direct the vehicle slight- 
ly toward the center of the lane. In addition, the warning 
device 30 issues the buzzer sound. Furthermore, the 
meter unit 40 displays the warning on the multi-display 
42. In consequence, the driver becomes aware thatthe 
vehicle can depart from the lane, through the steering 
force at the body-sensory warning level, the buzzer 
sound, and/or the warning display. 
[0087] When the lane-keep assist function is activat- 
ed, the main ECU 6 calculates the magnitude and direc- 
tion of the steering force to be added for keeping the 
vehicle traveling near the center of the lane, based on 
the image signal GS. Then the main ECU 6 transmits 
the steering torque signal TS indicating the steering 
torque determined by the calculation, to the steering 
ECU 21 . The electric power steering 20 sets the assist 
amount by adding the steering torque indicated by the 
steering torque signal TS, to the steering torque given 
by the driver, and drives the electric motor 22 according 
to the assist amount. Then the relatively small steering 
force by the control of the lane keeping device 1 contin- 
uously acts on the vehicle to continuously direct the ve- 
hicle toward the center of the lane. 
[0088] The main ECU 6 determines whether the ve- 
hicle can keep traveling within the lane, based on the 
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image signal GS. When it is determined that the vehicle 
cannot keep traveling within the lane, the main ECU 6 
transmits the buzzer signal BS for an issue of a buzzer 
sound, to the warning device 30, and transmits the dis- 
play signal DS for providing a display of a warning on 
the multi-display 42 of the meter unit 40, to the meter 
unit 40. The warning device 30 issues the buzzer sound. 
Furthermore, the meter unit 40 displays the warning on 
the multi-display 42. In consequence, the driver be- 
comes aware that the vehicle cannot travel within the 
lane, through the buzzer sound and/or the warning dis- 
play. 

[0089] This lane keeping device 1 permits the driver 
to readily know whether the lane-keep assist function is 
in the ready state, with or without the display of the 
READY mark on the multi-display 42. Furthermore, 
since the lane keeping device 1 is configured to provide 
display/no display of the two white lines, the cruise con- 
trol mark, and the set vehicle speed on the multi-display 
42, the driver is able to readily know by which operation 
the lane-keep assist function can be activated, with the 
display of the READY mark. In addition, the lane keep- 
ing device 1 provides the additional display/no display 
of the steering wheel mark in addition to the display of 
the two white lines on the multi-display 42, whereby the 
driver is able to readily identify which one of the lane 
departure warning function and the lane-keep assist 
function is active. 

[0090] The above described the embodiment of the 
present invention, but the present invention can be car- 
ried out in various forms without being limited to the 
above embodiment. For example, the present embodi- 
ment was configured to notify the driver that the vehicle 
can depart from the lane, by the addition of the steering 
force atthe body-sensory warning level, the issue of the 
buzzer sound, and the warning display. However, it is 
also possible to adopt a configuration wherein the driver 
is notified by one of them, or to adopt a configuration 
wherein the driver is notified by any other method such 
as an issue of a voice message. In addition, the present 
embodiment was configured to notify the driver that the 
vehicle cannot keep traveling within the lane, by the is- 
sue of the buzzer sound and the warning display. How- 
ever, it is also possible to adopt a configuration wherein 
the driver is notified by one of them, or to adopt a con- 
figuration wherein the driver is notified by any other 
method such as an issue of a voice message. Another 
potential configuration is that in a case where the vehicle 
cannot keep traveling within the lane, a larger steering 
force than normal (instead of the relatively small steer- 
ing force) is added to keep the vehicle traveling within 
the lane. 

[0091] The present embodiment was configured to 
add the steering force to the steering system by making 
use of the electric power steering, but it is also possible 
to adopt a configuration wherein the lane keeping device 
is provided with an actuator for assisting a rack and a 
pinion. This permits the present invention to also be ap- 



plied to vehicles without the power steering system. The 
present invention can also be applied to power steering 
systems of the hydraulic type, as well as the electric 
power steerings, and the apparatus may be configured 

s to add the steering force to the steering system by con- 
trolling an actuatorfor regulating the hydraulic pressure. 
In addition, the apparatus was configured to perform the 
control based on the steering torque, but the apparatus 
may also be configured to perform the control based on 

io another parameter such as a steer angle. 

[0092] The present embodiment was the application 
of the invention to the lane keeping device having the 
lane-keep assist function and the lane departure warn- 
ing function, but the present invention can be applied to 

'5 any lane keeping device having at least the lane-keep 
assist function. The present embodiment was config- 
ured to detectthe lane by recognition of the pair of white 
lines, but the apparatus may also be configured to detect 
the lane by also recognizing other lines such as yellow 

20 lines, except for the white lines. Alternatively, the lane 
may be detected by any other method such as a method 
of detecting the lane by recognizing road shoulders, 
blocks defining a lane from a sidewalk, or the like. The 
present embodiment was an example of the application 

25 to roads with a lane, but the present invention can also 
be applied to roads without a lane. In this case, the ap- 
paratus may be configured to detect a road shoulder or 
the like of the road. 

[0093] The present embodiment was configured to 

30 display the working situations of the lane keeping device 
and the cruise control system (particularly, the ready 
state of the lane-keep assist function) on the multi-dis- 
play of the combination meter, but the apparatus may 
also be configured to display such indications on a multi- 

35 display being a display part of a television monitor or a 
navigation system, to use various lamps to display the 
working situations by their lighting states, or to display 
the working situations by any other display means. 
[0094] The present embodiment was configured to In- 

40 dicatethe activation of the lane-keep assist function, the 
activation of the lane departure warning function, the 
ready state of the lane-keep assist function, and the ac- 
tivation of the cruise control system through the use of 
the symbols having the predetermined shapes, but the 

45 apparatus may also be configured to indicate them by 
characters, by colors, and/or by any other identification 
display. The present embodiment was configured to dis- 
play the READY mark only when the set vehicle speed 
of the cruise control system was near the activation per- 

5" mitting speed range of the lane-keep assistfunction, but 
the apparatus may also be configured to display the 
READY mark even if the set vehicle speed is not near 
the activation permitting speed range of the lane-keep 
assistfunction. 

55 
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Claims 

1 . A driving control apparatus comprising: 

driving road keeping means for providing a 
torque to a steering mechanism so as to keep 
a vehicle traveling at a predetermined position 
on a driving road; 

setting means for setting a need or no need for 
execution of a control of the driving road keep- 
ing means; and 

cruise control means for controlling a driving 
force or speed of the vehicle so as to keep the 
vehicle in a predetermined driving state, 

wherein a need or no need for execution of 
the control of the driving road keeping means is de- 
termined based on a setting state of the setting 
means and a control state of the cruise control, and 

wherein when the driving road keeping control 
is in an executable state upon a state change of ei- 
ther (1 ) the setting state of the setting means or (2) 
the control state of the cruise control, a display in- 
dicating a ready state of the driving road keeping 
control is presented. 

2. The driving control apparatus according to Claim 1 , 
wherein the executable state of the control of the 
driving road keeping means upon the state change 
of either (1) the setting state of the setting means 
or (2) the control state of the cruise control means, 
is (a) a state (I) in which the setting means selects 
a need for execution of the control of the driving 
road keeping means and (ii) in which a setting 
switch for setting a need or no need for activation 
of the cruise control means is off, and (b) state in 
which the driving road keeping means is in the ex- 
ecutable state with execution of the control of the 
cruise control means. 

3. The driving control apparatus according to Claim 1 , 
wherein the executable state of the control of the 
driving road keeping means upon the state change 
of either (1) the setting state of the setting means 
or (2) the control state of the cruise control means, 
is (c) a state (i) in which the setting means selects 
a need for execution of the control of the driving 
road keeping means and (iii) in which the control of 
the cruise control means is inactive, and (b) state 
in which the driving road keeping means is in the 
executable state with execution of the control of the 
cruise control means. 

4. The driving control apparatus according to Claim 2 
or 3, wherein the control of the driving road keeping 
means is one to be executed within an activation 
speed region and wherein the ready state of the 
control of the driving road keeping means is a state 



in which a target speed of the cruise control means 
is set within the activation speed region. 

5. The driving control apparatus according to any one 
5 of Claims 1 to 4, wherein the executable state of the 

control of the driving road keeping means upon the 
state change of either (1 ) the setting state of the set- 
ting means or (2) the control state of the cruise con- 
trol means, is (A) a state (iv) in which the setting 
10 means sets no need for execution of the control of 
the driving road keeping means and (v) in which the 
cruise control means is active, and (B) state in 
which the driving road keeping means is executa- 
ble. 

15 

6. The driving control apparatus according to Claim 5, 
wherein the control of the driving road keeping 
means is one to be executed within an activation 
speed region and wherein the ready state of the 

so control of the driving road keeping means is a state 
in which a target speed of the cruise control means 
is set within the activation speed region. 

7. The driving control apparatus according to any one 
25 of Claims 1 to 6, wherein the control of the driving 

road keeping means is one to be executed within 
an activation speed region, and wherein the execut- 
able state of the control of the driving road keeping 
means upon the state change of either (1 ) the set- 
so ting state of the setting means or (2) the control 
state of the cruise control means, is (C) a state (i) 
in which the setting means sets a need for execution 
of the control of the driving road keeping means and 
(vi) in which a setting switch for setting a need or 
35 no need for activation of the cruise control means 
is on, and (D) state in which a target speed of the 
cruise control means is off the activation speed re- 
gion. 

•to 8. The driving control apparatus according to any one 
of Claims 1 to 6, wherein the control of the driving 
road keeping means is one to be executed within 
an activation speed region, and wherein the execut- 
able state of the control of the driving road keeping 
45 means upon the state change of either (1 ) the set- 
ting state of the setting means or (2) the control 
state of the cruise control means, is (E) a state (i) 
in which the setting means sets a need for execution 
of the control of the driving road keeping means and 
so (v) In which the control of the cruise control means 
is active, and (D) state in which a target speed of 
the cruise control means is off the activation speed 
region. 

55 9. The driving control apparatus according to Claim 8, 
wherein the target speed of the cruise control 
means is off the activation speed region and within 
a predetermined range from a threshold of the ac- 
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tivation speed region. 

10. A driving control method of performing driving road 
keeping control for providing a torque to a steering 
mechanism so as to keep a vehicle traveling at a 
predetermined position on a driving road and cruise 
control for controlling a drivingforce orspeed of the 
vehicle so as to keep the vehicle In a predetermined 
driving state, 

wherein a need or no need for execution set 
by setting means for setting a need or no need for 
execution of a control of the driving road keeping 
control is determined based on a setting of the set- 
ting means and a control state of the cruise control, 
and 

wherein when the driving road keeping control 
is in an executable state upon a state change of ei- 
ther (1 ) the setting state of the setting means or (2) 
the control state of the cruise control, a display in- 
dicating a ready state of the driving road keeping 
control is presented. 

11. The driving control method according to Claim 10, 
wherein the executable state of the driving road 
keeping control upon the state change of either (1) 
the setting state of the setting means or (2) the con- 
trol state of the cruise control, is (a) a state (i) in 
which the setting means selects a need for execu- 
tion of the driving road keeping control and (ii) in 
which a setting switch for setting a need or no need 
for activation of the cruise control is off, and (b) state 
In which the driving road keeping control is in the 
executable state with execution of the cruise con- 
trol. 

12. The driving control method according to Claim 10, 
wherein the executable state of the driving road 
keeping control upon the state change of either (1) 
the setting state of the setting means or (2) the con- 
trol state of the cruise control, is (c) a state (i) in 
which the setting means selects a need for execu- 
tion of the driving road keeping control and (iii) in 
which the control of the cruise control is inactive, 
and (b) state in which the driving road keeping con- 
trol is in the executable state with execution of the 
cruise control. 

13. The driving control method according to Claim 11 
or 12, 

wherein the driving road keeping control is one to 
be executed within an activation speed region and 
wherein the ready state of the driving road keeping 
control is a state in which a target speed of the 
cruise control is set within the activation speed re- 
gion. 

14. The driving control method according to any one of 
Claims 1 0 to 1 3, wherein the executable state of the 



driving road keeping control upon the state change 
of either (1) the setting state of the setting means 
or (2) the control state of the cruise control, is (A) a 
state (iv) in which the setting means sets no need 
5 for execution of the driving road keeping control and 
(v) in which the cruise control is active, and (B) state 
in which the driving road keeping control is execut- 
able. 

10 15. The driving control method according to Claim 14, 
wherein the driving road keeping control is one to 
be executed within an activation speed region and 
wherein the ready state of the driving road keeping 
control is a state in which a target speed of the 
15 cruise control is set within the activation speed re- 
gion. 

16. The driving control method according to any one of 
Claims 10 to 15, wherein the driving road keeping 

so control is one to be executed within an activation 
speed region, and wherein the executable state of 
the driving road keeping control upon the state 
change of either (1) the setting state of the setting 
means or (2) the control state of the cruise control, 
25 is (C) a state (i) in which the setting means sets a 
need for execution of the driving road keeping con- 
trol and (vi) in which a setting switch for setting a 
need or no need for activation of the cruise control 
is on, and (D) state in which a target speed of the 
30 cruise control is off the activation speed region. 

17. The driving control method according to any one of 
Claims 10 to 15, wherein the driving road keeping 
control is one to be executed within an activation 

35 speed region, and wherein the executable state of 
the driving road keeping control upon the state 
change of either (1) the setting state of the setting 
means or (2) the control state of the cruise control, 
is (E) a state (i) in which the setting means sets a 

40 need for execution of the driving road keeping con- 
trol and (v) in which the cruise control is active, and 
(D) state in which a target speed of the cruise con- 
trol is off the activation speed region. 

45 18. The driving control method according to Claim 17, 
wherein the target speed of the cruise control is off 
the activation speed region and within a predeter- 
mined range from a threshold of the activation 
speed region. 
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